T WO necessary conditions for the existence of ferromagnetism are: (1) the atoms must have a net magnetic moment due to an unfilled electron shell, and (2) the exchange integral / relating to the exchange of electrons between neighboring atoms must be positive. This last condition is required in order that spin states of high multiplicity, which favor ferromagnetism , have the lowest energy. It seems certain that for many of the non-ferromagnetic substances containing a high concentration of magnetic atoms the exchange integrals are negative. In such cases the lowest energy state is the one in which the maximum number of antiparallel pairs occur. An approximate theory of such substances has been developed by N6el,1 Bitter,2 and Van Vleck3 for one specific case and the results are briefly described below.
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Consider a crystalline structure which can be divided into two interpenetratin g lattices such that atoms on one lattice have nearest neighbors only on the other lattice. Examples are simple cubic and body-centered cubic structures. Let the exchange integral for nearest neighbors be negative and consider only nearest neighbor interactions. Theory then predicts that the structure will exhibit a Curie temperature. Below the Curie temperature the spontaneous magnetization vs. temperature curve for one of the sub-lattices is that for an ordinary ferromagnetic material. However, the magnetization directions for the two lattices are antiparallel so that no net spontaneous magnetization exists. At absolute zero all of the atoms on one lattice have their electronic magnetic moments aligned in the same direction and all of the atoms on the other lattice have their moments antiparallel to the first. Above the Curie temperature the thermal energy is sufficient to overcome the tendency of the atoms to lock antiparallel and the behavior is that of a normal paramagnetic substance. Materials exhibiting the characteristics described above have been designated "antiferromagn etic." Up to the present time the only methods of detecting antiferromagne tism experimentally have been indirect, e.g., determination of Curie points by susceptibility and specific heat anomalies. It has occurred to one of us (J.S.S.) that neutron diffraction experiments might provide a direct means of detecting antiferromagne tism. In an antiferromagnetic material below the Curie temperature a rigid lattice of magnetic ions is formed and the interaction of the neutron magnetic moment with this lattice should result in measurable coherent scattering. Halpern and Johnson4 have shown that the magnetic and nuclear scattering amplitudes of a paramagnetic atom should be of the same order of magnitude and this result has been qualitatively verified by experimental investigators.5 At the time of the above suggestion, an experimental program on the determination of the magnetic scattering patterns for various paramagnetic substances (MnO, MnF2, MnSO4 and Fe2Oa) was underway at Oak Ridge National Laboratory and room temperature examination had shown (1) a form factor type of diffusion magnetic scattering (no coupling of the atomic moments) to exist for MnF2 and MriSO4, (2) a liquid type of magnetic scattering (short-range order coupling of oppositely directed magnetic moments) to exist for MnO and (3) the presence of strong coherent magnetic diffraction peaks at forbidden reflection positions for the a-Fc2O3 lattice. The latter two observations are in complete accord with the antiferromagne tic notion since the Curie points for MnO and a-Fe2O3 are respectively6 122°K and 950°K. Figure 1 shows the neutron diffraction patterns obtained for powdered MnO at room temperature and at 80°K. The room temperature pattern shows coherent nuclear diffraction peaks at the regular face-centered cubic reflection positions and the liquid type of diffuse magnetic scattering in the background. It should be pointed out that the coherent nuclear scattering amplitudes for Mn and O are of opposite sign so that the diffraction pattern is a reversed NaCl type of pattern. The low temperature pattern also shows the same nuclear diffraction peaks, since there is no crystallographic transition in this temperature region,7 and in addition shows the presence of strong magnetic reflections at positions not allowed on the basis of the chemical unit cell. The magnetic reflections can be indexed, however, making use of a magnetic unit cell twice as large as the chemical unit cell. A complete description of the magnetic structure will be given at a later date.
In conclusion it appears that neutron diffraction studies of antiferromagnetic materials should provide a new and important method of investigating the exchange coupling of magnetic ions.
